Background--Bilateral internal thoracic artery grafting (BITA) is associated with improved survival. However, surgeons do not commonly use BITA in patients after myocardial infarction (MI) because survival is good with single internal thoracic artery grafting (SITA). We aimed to compare the outcomes of BITA with those of SITA and other approaches in patients with multivessel disease after recent MI.
T he efficiency of primary percutaneous intervention (PCI) and fibrinolysis in restoring myocardial blood supply and the longer time to surgery for patients with ST-segmentelevation myocardial infarction (STEMI) "have resulted in less common use of coronary artery bypass grafting (CABG) as first line reperfusion strategy for patients with STEMI." 1 Furthermore, wide application of early PCI for patients with STEMI [2] [3] [4] [5] has significantly decreased the number of emergency CABG procedures for myocardial revascularization. However, from 1996 to 2000 (the early years of the current report), surgical revascularization for reperfusion of patients with STEMI was more common. Bilateral internal thoracic artery grafting (BITA) has been the preferred method of myocardial revascularization at the Department of Cardiothoracic Surgery, Tel Aviv Sourasky Medical Center, since 1996. 6 Despite reported increased risk of sternal dehiscence and sternal infection, 7-9 recent myocardial infarction (MI) was not a contraindication for using BITA between 1996 and 2011, the study period of the current investigation,. The purpose of this report is to compare, for the subset of patients with multivessel disease and recent MI (3 months), early and long-term outcomes of BITA with those of CABG using single internal thoracic artery grafting (SITA) and other conduits such as saphenous vein grafts (SVGs) or the radial artery (RA). A secondary objective of this study is to compare the outcomes of BITA and SITA patients who underwent CABG <24 and >24 hours after MI.
Patients and Methods
Data were obtained from review of medical records and telephone questionnaires. The study was approved by the institutional review board of the Tel Aviv Medical Center. The need for informed consent was waived by the institutional review board. Between 1996 and 2011, 3686 consecutive patients (3125 BITA and 561 SITA plus RA) with multivessel coronary artery disease underwent arterial revascularization at Tel Aviv Medical Center. They constituted 69% of primary CABG procedures for multivessel disease (5338 patients) performed at our institution during this time period. The remaining 1652 patients with multivessel coronary artery disease underwent SITA plus SVG. We compared patient characteristics and procedure outcomes of 938 patients with multivessel coronary artery disease who underwent BITA within 3 months of STEMI with outcomes of 682 recent MI patients who underwent CABG with SITA and other conduits (eg, SVG or RA) at our center between 1996 and 2011. Follow-up information was obtained by accessing data from the Israeli National Registry database.
During the study period, the selection of BITA or SITA grafting was made mainly according to the surgeon's preference. There was a tendency not to use BITA for patients with increased risk for sternal wound complications (older patients, patients with chronic obstructive pulmonary disease [COPD] , or women with diabetes mellitus [DM] and/or obesity). 10 In addition, the RA was used only when target coronary vessel stenosis was >80%. 11, 12 All internal thoracic arteries (ITAs) were harvested as skeletonized vessels 13 (Video S1). Revascularization of the right coronary system was performed with SVGs, the right gastroepiploic artery, or the RA. In total 354 patients (21.9%) were operated without extracorporeal circulation. [13] [14] [15] From the second postoperative day, RA and right gastroepiploic artery patients were treated with oral calcium channel blockers (diltiazem), 90 to 180 mg. 14 
Definitions and Data Collection
Patient data were analyzed according to EuroSCORE I clinical data standards. 16 DM was classified as non-insulin-treated and insulin-treated DM. Perioperative MI was defined as the postoperative appearance of new Q waves or ST-segment elevation of >2 mm on an electrocardiograph, accompanied by a creatine phosphokinase myocardial band >50 mU/mL with or without a regional wall motion abnormality. 17 A cerebrovascular accident was defined as a new permanent neurological deficit with computed tomographic evidence of cerebral infarction. Deep sternal wound infection (SWI) in this setting included patients with deep infection involving the sternum or substernal tissues in combination with patients with late dehiscence requiring sternectomy. Our definition of an emergency operation was based on the EuroSCORE and includes patients operated <24 hours of cardiac catheterization 16 or those with ongoing angina, acute evolving MI, or pulmonary edema or in cardiogenic shock. 18 
Statistical Analysis
Early outcome unmatched cohort
All data were summarized and displayed as meanAESD or median for continuous variables and as the number (percentage) of patients in each group for categorical variables. Categorical variables were compared using v 2 or Fisher exact tests, as appropriate. Continuous variables were compared using the independent-sample t test or Mann-Whitney test. Multivariate analysis of short-term outcomes (operative mortality, sternal wound complications, perioperative MI, and stroke) was performed with binary logistic regression analysis. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were reported. A propensity score was used to account for differences between groups in preoperative characteristics.
Clinical Perspective
What Is New?
• Left coronary system bilateral internal thoracic artery grafting (BITA) is associated with improved survival in patients undergoing coronary artery bypass grafting. The application of this complex technique in patients after acute myocardial infarction (MI) is controversial.
• In this study, we compared early and long-term outcomes of patients with recent MI (<3 months) undergoing coronary artery bypass grafting with BITA versus single internal thoracic artery grafting.
What Are the Clinical Implications?
• Our analysis suggests that coronary artery bypass grafting with BITA may be suitable for patients operated on during the first week after a MI.
• Coronary artery bypass grafting with single internal thoracic artery grafting and vein grafts or radial artery is not inferior to BITA grafting in patients with recent MI.
• Selective use of BITA in nonemergency patients unmasks the benefits of BITA, and long-term survival is better than that of nonemergency patients with single internal thoracic artery grafting.
• The results of this large observational study support the use of BITA in nonemergency patients after MI. Single internal thoracic artery grafting is a good alternative in emergency cases.
The probability (propensity score) that a patient would receive SITA or undergo BITA according to preoperative variables was determined using a logistic regression model. 19 
Late-outcome unmatched cohort
Follow-up, which was 97.3% complete, was obtained using the Israeli National Registry database. The log-rank test and Kaplan-Meier curves were used to compare survival among groups. A stratified Cox model was used to identify predictors of decreased survival. The propensity score quintiles were used for stratification. Adjusted hazard ratio (HR) and 95% CI were reported. The type of conduit used (BITA or SITA) was forced into the model. The forward stepwise selection method was used to choose the predictors for inclusion in the Cox model, and those were similar to the variables selected for the logistic regressions analyses.
Matching
Propensity score matching was used to generate a subcohort for further evaluation of early and long-term outcomes. We accepted an absolute difference of up to 5% between propensity scores as a match.
The McNemar test and paired-samples t test or Wilcoxon signed rank test were used to compare discrete and continuous variables, respectively.
Early outcome matched cohort
Multivariate conditional logistic regressions were performed to evaluate the association between the type of conduit used (group) and short-term outcomes.
Late-outcome matched cohort
Kaplan-Meier curves were used to describe survival in the matched groups. Univariate and multivariate Cox regressions were used to compare long-term outcomes among the matched groups. Variable selection in the multivariate analyses for the matched subcohort was performed as for the whole cohort.
The Hosmer and Lemeshow goodness-of-fit test was used to evaluate the logistic regression models. The likelihood ratio statistic, -2LL, and the overall v 2 were used to evaluate the Cox model. Moreover, the proportional hazards assumption was evaluated using the Schoenfeld residuals and the log minus log plot. All multivariate regression included 4 blocks: The first included the type of conduit used, the second included age and sex using the enter method, the third included the preoperative and operative variables using the forward stepwise likelihood ratio method, and the fourth included the operative era and the propensity score (when it was part of the analysis) using the enter method.
The false discovery rate method was used to adjust the P values for multiple comparisons. All tests were 2-tailed, and P<0.05 was considered significant.
Statistical analysis was performed with SPSS version 22 statistical software.
Results

Unmatched Results
Preoperative patient characteristics were significantly different between groups (Table 1) . Patients treated with SITA were older and more likely to have comorbidities such as DM, COPD, CRF, and PVD; to be female; and to have had previous MI or a repeat or emergency operation. In contrast, AMI and 3-vessel disease were more prevalent in the BITA group. The EuroSCORE of the SITA group was significantly higher than that of the group treated with BITA (Table 1) .
Operative mortality and occurrence of perioperative MI were lower in the BITA group (27 [3%] Follow-up was 97.3% complete. The median follow-up was 15.21 years (range: 0-21.25 years). The 10-year survival (Kaplan-Meier) of the BITA group was significantly better than that of the SITA group (70.3AE3.1% and 52.5AE4.5%, respectively; P<0.001, log-rank test; Figure 1 ) and assignment to the BITA group was associated with better survival (HR: 0.839 [95% CI, 0.718-0.981]; P=0.028) compared with the SITA group (Cox model; Table 2 ).
Matched Results
To compare outcomes between groups, propensity score matching was performed; 551 pairs of well-matched patients from the 2 groups were created (Table 1; Figure 2A and 2B). 
Results of Surgery Within 24 Hours Versus Later
To further evaluate our results, we divided the cohort to 2 subgroups according to operative timing (patients operated within 24 Kaplan-Meier survival curves for the BITA groups of both subsets were significantly better than those of the SITA groups. The probability (propensity score) that a patient would receive SITA or undergo BITA according to preoperative variables was determined for each subset by using a logistic regression model. We compared long-term outcomes of BITA and SITA in the 2 subsets using a multivariate propensitystratified Cox model. Long-term adjusted survival of BITA patients in the emergency subgroup was not better than that of SITA patients ( Figure 3A ; Table 3 ); however, in recent MI patients operated on ≥2 days after admission (nonemergency subgroup, Table 3 ), BITA was associated with significantly better long-term survival ( Figure 3B ; Table 3 ).
Discussion
Our study compared the early and long-term clinical outcomes of CABG in patients with recent MI (3 months) and multivessel disease for those who underwent arterial revascularization using the skeletonized BITA technique and those who underwent CABG with SITA and other conduits such as SVG or RA.
The main finding in this report is the long-term (median: 15.21 years), statistically significant survival benefit of BITA compared with SITA in nonemergency recent MI patients. This observation contrasts with the similar long-term survival of SITA and BITA patients in the subset of emergency patients.
Several studies reported extensive arterial grafting with BITA as preferential treatment among selected groups, such as young male, nonobese, nondiabetic patients. [20] [21] [22] In those studies, patients were preselected for BITA according to their life expectancy, and patients with comorbidities such as recent MI, DM, PVD, and age >70 years were not commonly offered BITA. In contrast, we did not preselect patients for BITA according to their comorbidities and life expectancy. Routine left-sided arterial (left anterior descending and circumflex system) revascularization was the preferred method of revascularization at our center during the study period. 6, 13 Thus, most (3683 patients, 69%) of the primary CABG procedures for multivessel disease that were performed at our institution during the study period were skeletonized BITA, and 938 underwent CABG within the first 3 months of AMI. Two thirds of the patient cohort was from earlier years (1996-2000) and perhaps this explains why patients were operated on so early after infarction. Most surgeons today would agree that Q-wave infarctions should not be operated within 24 hours unless other factors are present.
Selection of surgical approach for the current cohort was based on surgeons' decisions. The main criterion considered for BITA was a reduced risk of deep sternal wound complications; high-risk patients (those with COPD and obese and diabetic women) were preferentially referred to the SITA group during the study period. 10 Consequently, patients treated with SITA were older; were more often female; and were more likely to have DM, COPD, CRF, and PVD and to have undergone a repeat or emergency operation. In contrast, AMI and 3-vessel disease were more prevalent in the BITA group. The mean EuroSCORE of the SITA group was also significantly higher than that of the BITA group (9.94AE4.46 versus 6.84AE3.47, P<0.001). Propensity matching was used to account for differences between groups in preoperative demographic and clinical characteristics. The risk profile of the matched groups was largely determined by the higher risk of the SITA group. This can explain the high occurrences of comorbidities and emergency operations and the relatively unfavorable longterm outcomes of patients in our study compared with those in other BITA series. 13, [20] [21] [22] [23] [24] Operative mortality in the BITA group was lower than in the SITA group (3.0% versus 5.8%, P=0.01); however, occurrences of early postoperative complications (SWI, perioperative MI, and postoperative stroke) did not differ significantly between the 2 groups. Moreover, the type of conduit that was used was not a significant predictor of operative mortality, SWI, perioperative MI, or stroke in multivariable analysis performed after forcing the propensity score and the operative period into the logistic regression models.
This similar early outcome justifies the surgeons' preferences and patient selection for BITA or SITA based on the risk for SWI.
Despite the use of skeletonized ITAs, 25 the rate of SWI was relatively high. This may be explained in part by the nonselective use of BITA and by the fact that precautions such as preoperative nasal swabs, nasal disinfection, strict postoperative glucose control, and enhanced sternal wound stabilization were not yet employed during the early years of the study (1996) (1997) (1998) (1999) (2000) . Increased prevalence of cardiovascular disease, PVD, non-insulin-treated DM, and neurologic dysfunction and the fact that a significant proportion of the BITA patients were operated in this early era (before introduction of epiaortic ultrasound and preoperative computed tomography angiography for routine use, and before popularization of the aortic notouch off-pump coronary artery bypass technique) can also explain the relatively high occurrence of strokes. CABG is currently reserved mostly for AMI patients after unsuccessful or complicated primary PCI Similar management is recommended for patients after primary PCI who develop recurrent angina or reinfarction. 5 Unlike the current practice that reserves CABG mostly for complicated or unsuccessful primary PCI, during the early years of this report (1996) (1997) (1998) (1999) (2000) , surgical revascularization (including BITA) for reperfusion of MI patients was more commonly used. In a previous publication from our center, Nesher et al showed that long-term outcomes of patients who underwent arterial grafting within the first 7 days of an AMI (including emergency and intra-aortic balloon pump-supported patients) were similar to those of patients with AMI operated later. This was despite their increased operative mortality. 26 The longterm results of the current report suggest that arterial grafting not only is the preferred approach for patients with stable angina but also can be suitable for patients operated during the first week after AMI. A number of studies have shown that the use of an additive right ITA to the left ITA improved survival. 13, 21, 23, 24, 27 In their large study evaluating the patency rate of the various conduits used for myocardial revascularization, Tatoulis and colleagues reported an excellent patency rate for the right ITA, which was equivalent to that of the left ITA for identical territories. The patency rate of the right ITA was better than those of RA and SVGs. This better patency rate of BITA was associated with improved long-term survival. 23 Our results are not supported by a recently published propensity score-matched study from our center that showed BITA is not better than SITA and RA when the RA was connected end to side to the left ITA as a composite T graft. 28 Our findings are strongly supported by a large landmark meta-analysis performed in 2001 by Taggart and colleagues, who demonstrated significantly better survival for BITA than SITA patients. 22 Further support for this observation is evident from large studies of diabetic patients with longer mean follow-up 27, 29 and from another study that showed the right ITA to be better than the RA as a second arterial conduit. 24 The better long-term survival of BITA patients in the above reports, as in our report, was further confirmed by multivariable Cox analysis, which showed BITA to be associated with better long-term survival in both unmatched and propensity score-matched groups of patients. Despite the differences in patient selection between the above studies and the current report (the BITA patients in our study were at significantly higher risk [acutely ill with recent MI and other co-morbidities] and older), long-term results are similar. The effect of age and, more important, comorbidities on late mortality can explain the forcing out of BITA/SITA assignment from the propensityadjusted Cox models in the subset of emergency patients in our study.
The single-center observational retrospective design of our study presents limitations. Complete postoperative angiographic data and complete follow-up clinical data were not available for all major adverse cardiac events; therefore, end points such as late MI, cardiac mortality, and reinterventions that were not collected prospectively were not complete, and their occurrences could not be compared between groups. Consequently, major adverse cardiac events were not assessed in the analysis. Given the sample size of the matched groups, it is likely that event-free survival may have revealed differences between groups.
Another limitation is the possible selection bias in the criteria used for the choice of the second conduit and the tendency of surgeons not to use BITA in patients with increased risk for sternal wound complications (eg, COPD, obese diabetic women). Therefore, patients treated with SITA were older and higher risk. This surgeon selection bias is only partly accounted for in the propensity adjustment procedure. It may cause bias, even though matching has been performed, and modify the results.
In conclusion, CABG with SITA and SVGs or RA is not inferior to BITA in patients with recent MI. Earlier mortality from noncardiac causes reduces contribution of the type of conduit used and increases the influence of competing preoperative comorbidities on propensity-adjusted survival (Cox model). However, selective use of BITA in nonemergency patients unmasks the benefits of BITA, and long term survival is better than that of nonemergency SITA patients. The results of this large observational study support the use of BITA in nonemergency patients after MI. SITA is a good alternative in emergency cases.
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